Microabrasion and the presence of cracks in enamel make this substrate more susceptible to penetration of hydrogen peroxide during in-office whitening.
of peroxide in different substrate conditions were observed (p,0.0001). The penetration of hydrogen peroxide was more intense in cracked teeth. The group in which the enamel was microabraded showed intermediate values when compared to the control group. Microabrasion and the presence of cracks in the enamel make this substrate more susceptible to penetration of hydrogen peroxide during inoffice whitening.
INTRODUCTION
Although tooth bleaching has been considered a conservative technique [1] [2] [3] associated with ease of implementation and highly efficient performance, 4 there are concerns about the biologic safety of the procedure, referring to the indiscriminate use of highly concentrated peroxide products. Studies have shown that the diffusion of hydrogen peroxide through dental tissues may cause pulpal damage [5] [6] [7] and increased postoperative sensitivity. 8, 9 Even though the success of a bleaching treatment is directly related to the diffusion capacity of peroxides through enamel and dentin, it is believed that the more intense the penetration, the higher the risk of occurrence of side effects. Thus, bleaching is contraindicated in clinical conditions in which the tooth presents exposed dentin or other enamel tissue changes that presumably increase its permeability.
Cracks in the enamel are common but often are ignored or not noticed. These changes appear as fissures within the structure of the enamel and extend preferably along the cervico-incisal axis and may even reach the dentino-pulpal complex, which can also cause fractures in the tooth structure. [10] [11] [12] [13] [14] Thus, it seems possible that the presence of these changes may affect the intensity of hydrogen peroxide diffusion toward the pulp chamber.
Another common clinical condition refers to chromatic or textural changes on the enamel surface layers. In these cases, clinicians use a microabrasive treatment, which is an excellent choice for removing these changes by providing improved esthetics with a minimally invasive treatment. [15] [16] [17] [18] [19] Despite reports that the wear of microabrasion is small, 16, 18, 19 it is important to consider that the removal of the aprismatic layer and the conditioning provided by acids in these products can potentially alter the permeability of dental tissues.
Even though these clinical findings are relatively common, the literature shows no studies that quantify or compare the penetration levels of hydrogen peroxide when the bleach is applied in these conditions. Therefore, considering that the presence of cracks and enamel microabrasion represent tissue changes with potential influence on its permeability, studies are needed to assess the real impact of these changes on the intensity of hydrogen peroxide diffusion toward the pulp chamber.
MATERIALS AND METHODS

Experimental Design
The factors studied were the presence of cracks in enamel and enamel microabrasion. The response variable was the transenamel and transdentinal penetration of hydrogen peroxide, and the three basic principles of experimentation (repetition, randomization, and blocking) were observed. The sample had 72 teeth, 60 intended for the penetration study (n=20) and 12 for photomicrographs of the enamel surfaces (n=2).
Collection and Standardization of Specimens
Seventy-two experimental units were obtained from bovine incisors aged between 24 and 30 months. Those with stains on the enamel and/or excessive wear on the incisal were excluded.
The selected teeth were cleaned mechanically with periodontal curettes and received prophylaxis with pumice and water. Subsequently, they were fixed on a device attached to a drill platform bench (FGC-16 model, Ferrari, Sã o Paulo, SP, Brazil). Cylinders were obtained from the middle third of the buccal surface (5.7 mm in diameter) with the aid of a diamond tip to cut glass (Diamond tip, 08 mm in diameter, Dinser Diamond Tools Ltda, Sacomã , SP, Brazil) and under constant irrigation.
The dentin surface was regularized through manual rotation movements using 600 grit aluminum oxide sandpaper (T469-SF-Noton, Saint-Gobam Abrasives Ltda, Jundiai, SP, Brazil)-until the specimens presented a thickness of 3.5 mm (approximately 1.3 mm and 2.2 mm of enamel and dentin, respectively), measured in a digital caliper (500 to 144 B, Mitutoyo South America Ltda, Suzano, SP, Brazil). The smear layer formed during grinding was removed by applying EDTA solution for one minute, and then the specimens were rinsed with deionized water.
Division of the Groups
The analysis of the enamel was done by stereomicroscopy (Stemi SV11, Carl Zeiss, Jena, Germany) at 453 to select sound and cracked enamel. After the selection and standardization of specimens, these were divided into three groups (n=20). The 12 remaining specimens were used to analyze the enamel surface morphology using scanning electron microscopy (SEM).
Specimens were selected with no cracks for groups I and III. In group II, there were teeth with only cracks, with a length approximately that of the specimen diameter (between 4 and 5.7 mm).
The specimens of group I and II did not receive any treatment prior to bleaching. The specimens of group III received ten 15-second applications of the microabrasive Whiteness RM product (FGM Dental Products, Joinville, SC, Brazil). The product was applied with a rubber cup mounted in a 10:1 speed reduction contra angle. After the applications, the specimens were washed and dried, with each rubber cup used for only one specimen.
Preparation of Artificial Pulp Chamber
Each enamel/dentin disc was adapted individually to an artificial pulp chamber (APC), developed at the Laboratory of Experimental Pathology and Biomaterials of Araraquara School of Dentistry -UN-E S P .
2 0 E a c h A P C w a s f o r m e d w i t h t w o compartments: in the upper portion, an opening with a 8 mm diameter and, in the second compartment, an opening with a 6 mm diameter allowed for the appropriate positioning and lateral sealing of the specimen. The lower portion contained lateral perforations for circulation of the solution and was used to quantify the peroxide penetrating the specimen ( Figure 1 ).
The specimens were positioned in the APCs between two silicone rings (5.60 mm inner diameter; 1.78 mm thick; Ref. OR 008 -Rodimar Rolamentos Ltda, Araraquara, SP, Brazil) and sealed with pink wax, restricting the lateral penetration of the bleaching agent (Figure 1 ).
Whitening Procedure
The specimens from all three groups were submitted to three in-office bleaching sessions using 0.04 mL of 35% hydrogen peroxide (Whiteness HP Maxx, FGM Dental Products). The product was deposited on the enamel and reapplied twice each session, for a total exposure time of 45 minutes per whitening session. All manipulation was performed in accordance with the manufacturer's instruction.
Quantification of H 2 O 2 Penetration
For quantification of the H 2 O 2 that penetrated the enamel/dentin discs, the artificial pulp chambers were individually placed in wells of acrylic cell culture plates. Each well was filled with 1 mL of acetate buffer solution and subsequently received APCs, already containing the dental fragments. Thus, the dentin surface remained in contact with the acetate solution during all bleaching procedures, and the diffused hydrogen peroxide became part of the same.
After the whitening procedure was done, 25 lL of acetate buffer solution was removed and mixed with 2.750 lL of distilled water, 100 mL of leucocrystal violet (0.5 mg/mL, Sigma Chemical Co, St Louis, MO, USA), and 50 lL of peroxidase (1 mg/mL, Sigma Chemical Co) and the solution was diluted to a final volume of 3 mL with distilled water.
This method is based on the reaction of hydrogen peroxide with leucocrystal violet, catalyzed by the peroxidase enzyme. 6, [21] [22] [23] [24] [25] [26] [27] The coloring of the mixture varies in intensity according to the amount of peroxide. Thus, as the signal is proportional to the absorbance of the peroxide concentration, it is possible to assess indirectly the amount of peroxide that has penetrated the tooth surface and the solution contained in the wells.
Readings were done using ultraviolet visible reflectance spectrophotometer equipment (UV-2450, Shimadzu, Kyoto, Japan), 30 minutes after each bleaching session (Figure 2) .
To obtain the calibration factor (CF) equivalent to the ratio of the concentration of the standard solution of hydrogen peroxide to its absorbance, the following equation was used:
The average calibration factor was used to calculate the hydrogen peroxide concentration contained in Figure 1 . Enamel/dentin disc positioned in the artificial pulp chamber.
each specimen. Data were tabulated and verified the normality and homogeneity of variance assumptions. Parametric tests were performed using analysis of variance (ANOVA) and Fisher's PLSD test, using the statistical program Stat View software, at a significance level of 0.05.
For illustrative purposes and to seek more plausible explanations for the results, the enamel surface morphologies of two specimens of each group were prepared for analysis using SEM (EVO HD LS-15, Carl Zeiss, Jena, Germany). The specimens were cleaned, dried, sputter coated, and photomicrographs were taken of the dental enamel under different conditions of study, at 30003 magnification.
RESULTS
The application of ANOVA showed significant differences in transenamel and transdentinal penetration of hydrogen peroxide at different substrate conditions (p,0.0001). The penetration was similar in the three bleaching sessions (p=0.3624), and there was no interaction between the substrate condition and the bleaching sessions (p=0.5320). Table 1 shows that the quality of the substrate influenced the intensity of transenamel and transdentinal penetration of hydrogen peroxide, confirming higher hydrogen peroxide penetration in cracked teeth (GII). The microabraded enamel tooth (GIII) had intermediate values, and the control group (GI) always provided the greatest challenges for peroxide penetration.
DISCUSSION
Bovine teeth are convenient for laboratory study because they are easy to obtain in large quantities and have appropriate dimensions for artificial pulp chambers; bovine teeth also present uniform composition and have low variation in the experimental response.
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The methodology used in this study was proposed by Mottola and others 21 and is characterized by precision and selectivity of reagents prior to exposure to hydrogen peroxide. Thus, it is important to note that the values obtained show only the concentration of hydrogen peroxide in the solution and not the other substances produced by the decomposition of the bleaching agents.
Even though vital tooth whitening is considered a conservative treatment, 1, 2 there are concerns regarding the use of highly concentrated products because human teeth treated with these substances exhibit high levels of sensitivity 8, 9 and demonstrate irreversible pulp damage. 20, [32] [33] [34] [35] Even when considering enamel to be semipermeable, some clinical conditions can lead to compromised biologic safety of the bleaching procedure. The amount of peroxide that reaches the pulp-dentin complex can be altered to interfere with pulpal health. 8, 20, 34 Results show that the presence of cracks and the enamel microabrasion procedure allowed greater penetration of hydrogen peroxide when compared to sound teeth.
In this context, the aim of the enamel microabrasion and the removal or reduction of chromatic changes or irregularities of the enamel surface may represent a health concern for the pulp-dentin complex. Once the microabrasive action changes the enamel histomorphology, the tooth becomes more permeable. 15, 17, 18, 19 In these cases, there is a need for complementing the esthetic treatment with bleaching because yellowing of the dentin tissue becomes more apparent. 19 In most cases, the combination of these techniques is a treatment plan of relatively low cost and provides a great possibility to obtain optimum esthetic results. However, until now, there were no obvious possible biologic implications that bleaching can cause after microabrasion.
It is believed that rubbing the abrasive on the destructured enamel, caused by the acid pH of the product, alters its surface layer and perhaps the enamel permeability, making it more susceptible to the bleaching agent's penetration. Additionally, this acid-abrasive process reduces the enamel thickness, 15, 17, 18, 19 and the obstacles to peroxide penetration.
In the same way, the enamel often presents cracks which, depending on length, may be continuous with the pulp-dentin complex. [36] [37] [38] This fact justifies precautions when dental products could inadvertently be applied to the adamantine substrate.
A crack is a rupture of the tissue into two or more parts and may involve different dental tissues or be restricted to a small portion of the enamel surface. 37 In the present study, we selected samples showing visible cracks with an extension varying between 4 and 5.7 mm. As during the sample preparation, there was no enamel/dentin separation; the cracks represented the presence of fissures only in the enamel structure, not across the dentin-enamel junction. But, even when taking the necessary precautions in the standardized sample, the high penetration rates observed in cracked specimens show that these pathways greatly facilitate the passage of bleaching agents that quickly reach the dentinal tubules. Perhaps this occurrence explains the frequent reports and complaints about the increase of tooth sensitivity during bleaching in patients with this clinical condition. 10, 13, 39, 40 Because they are difficult to diagnose, cracks can be neglected or overlooked by some professionals, who are often unaware of the consequences of the free passage of dental products for the pulp-dentin complex.
These results underscore the importance of maintaining intact enamel before the start of treatment. In cases using both microabrasion and whitening, tooth whitening should occur first because enamel changes that indicate microabrasion may be imperceptible after bleaching treatments. Furthermore, and most important, the presence of the sound enamel will be more effective in modulating the levels of peroxide penetration into the pulp tissue than microabraded enamel. On the other hand, careful clinical examination of cracks is important; cracks can be identified and confirmed by the naked eye or simply via macrography, microscopy, or transillumination. 13, 41 These structural defects should be obliterated before starting the bleaching treatment. For this purpose, there are clinical reports of utilizing total-etch adhesive systems, self-etch adhesives, and pit and fissure sealants. 42, 43 The results of in vitro studies cannot be directly extrapolated to clinical situations. The penetration of hydrogen peroxide in the bovine teeth was less when compared with that in human teeth. The thickness of the aprismatic enamel layer in bovine teeth and reduction in diameter of the tubules as they approach the pulp chamber are different from what occurs in human dentin. 22 Moreover, the presence of intrapulpal pressure, cytoplasmic processes of odontoblasts, the constant demineralization/remineralization cycles, and the presence of saliva may decrease peroxide diffusion. 34, [44] [45] [46] [47] Thus, more studies evaluating these different conditions are needed to establish a secure protocol.
CONCLUSIONS
Considering these results, enamel microabrasion makes this substrate more susceptible to hydrogen peroxide penetration. In addition, teeth presenting cracks in the enamel allow greater hydrogen peroxide penetration during in-office whitening.
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